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ABSTRACT 



The present invention pertains to a system and method for 
managing a real-time distributed collaborative drawing 
activity. A community of collaborators associated with client 
computers are connected via a communications link with a 
server computer. Each collaborator contributes to the real- 
time design of a shared drawing thai is displayed in each 
collaborator's virtual whiteboard. Contributions to the 
shared drawing as well as communications between the 
collaborators are transmitted to the server computer. The 
server computer broadrasts the communication to each of 
the collaborators engaged in the design activity. Each user 
has a set of drawing tools that are used to generate a variety 
of drawing strokes that edit the shared drawing. A curve 
generating procedure is used to capture the manner in which 
the user draws the stroke in order to emulate a selected 
drawing tool. A compact representation of the user's stroke 
is generated and transmitted to each collaborator. 

27 Claims, 13 Drawing Sheets 
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SYSTEM AND METHOD FOR DISTRIBUTED used in drawing the stroke. Time data points and/or pressure 

COLLABORATIVE DRAWING data points can be received from a pointing device used to 

generate the user's stroke. The time and/or data points can 
The present invention relates generally to disu-ibuted be used to emulate the drawing tool's natural style. The 
computing systems and particularly to a system and method 5 natural style of a drawing tool can be manifested in the 

for managing a distributed a>llaborative design activity. varying color hues, texture, and thickness of the stroke. 

BACKGROUND OF THE INVENTION BRIEF DESCRIPTION OF THE DRAWI?sfGS 

Interactive conferencing systems provide users residing in Additional objects and features of the invention will be 

disparate geographic locations the capability to participate in more readily apparent from the following detailed descrip- 

a real time design activity. Typically each user or participant tion and appended claims when taken in conjunction with 

is associated with a computer that is networked with the the drawings, in which: 

computers of the other participants. A display device asso- FIG. 1 is a block diagram of a computer system incor- 

ciated with each user is used as a virtual whiteboard to porat ing the preferred embodiments of the presem invention 

display and receive drawings and other communications pig. 2 shows a server computer system according to an 

pertinent o ine coiiaDoraUve design activity. Each parUci- embodiment of the present invention. 

pant has the same copy of the shared drawing m its white- rrtr- ^ - l • • . 

board. Each participant engages in the design activity by !^ ' schematic representation of an exemplary 

adding or editing the shared drawing. Alterations to the ^^J*^ '^^Pl^X ^'^^^ ^ ^n embodiment of the present 

shared drawing are quickly transmitted to each participant in 2° 

order to maintain a consistent state of the shared drawing ^^9^* "f^"^^ schematic representations of menu 

amongst the participants. Thus, the success of such a system selection items used in an embodiment of the present 

relies on an eflScient methodology for quickly relaying invention. 

graphical images to each of the participants. 5 is a flow chart of the steps used to capture and 

25 transmit drawing alterations made during a collaborative 

SUMMARY OF THE INVENTION design activity. 

The technology of the present invention pertains to an FIGS. 6A-6E are schematic representations of the steps 

apparatus and method for supporting a real-time computer- ^sed to trace the path of a curve drawn in a shared drawing, 

networked collaborative design activity. The collaborative FIG. 7 is a flow chart of the steps used to draw a curve in 

design activity includes a community of users that commu- a shared drawing. 

nicate with one another through client computers intercon- FIG. 8 illustrates the steps used by the image generation 

nected via a computer network such as the Internet. In an procedure in displaying an image. 

embodiment of the present invention, the collaborative piGS. 9A-9C are schematic representations of steps used 

design activity is a shared drawing activity between a to erase a porUon of a shared drawing, 

community of users within the architecture engineering rnn in , a™ ^k,^ »u . j. 

/Acr^\ ' t . i_ .1- MO. lU IS a flow chart of the steps used to erase a portion 

construction (AEC) industry. Each user utilizes a video ^ shared drawine 

display as a virtual whiteboard to engage in the collaborative . .„ 

design of a shared drawing. ll^-llC are lUustrations of curves used to gen- 

c . 11 1. - !_ ,1 . . , . cr^lc a set of parallel lines. 

Each user or collaborator in the collaborative drawinc r^j„ .„ 

.session has its own copy of the shared drawing. Each user J.^ illustrates the steps used to generate a set of 

can edit the shared drawing. Each user's alterations are P^allel Imcs. 

captured and transmitted to the server computer. The server DESCRIPTION OF THE PREFERRED 

computer then broadcasts the alterations to each of the client EMBODIMENTS 
computers associated with a collaborator. Each collaborator 

receives the alterations which are then incorporated into * System Architecture 

their copy of the shared drawing. tt,„ r «u 

. \, ^ J . . . . . T"*^ technology ol the present invention pertains to an 

Each collaborator is provided with a set of drawmg tools apparatus and method for supporting a real-time computer- 
thai can be used to add or delete lines and curves to the networked collaborative design activity. The collaborative 
shared drawing. Each drawing tool has associated with it a 50 design activity includes a community of users that commu- 
specific style. The present technology captures the manner in nicate with one another through cliem computers intercon- 
which a user draws a stroke in order to emulate the style of ncctcd via a public computer network such as the Internet 
the drawing tool used to draw the stroke. jhe communications between each participant includes all 

A collaborator uses a pointing device to draw a stroke. media forms that can be transmitted via a computer network. 
Location data points are used to represent the path of the 55 Examples of such media can include, but are not limited to, 

stroke. The location data points are then used to generate text, video, sound, and/or graphical images. A server com- 

curve points representing the curve in accordance with a puter is used to coordinate the transmission of the commu- 

specified resolution. The curve points are used to display an nications between each participant. 

image of the cuive. In addition, curve descriptors are gen- In an embodiment of the present invention, the coUabo- 
erated which are a compact representation of the shape of the 60 rative design activity is a shared drawing activity between a 

curve. The curve descnptors are transmitted to the .server community of users within the architecture engineering 

computer for broadcast to ihe other collaborators. AcoUabo- construction (AEC) industry. Each user utilizes a video 

raior receiving the curve descriptors translates them into display as a shared drawing space that can display one or 

curve points in order to display the image in the collabora- more drawings. These drawings can include computer-aided 
tor's virtual whiteboard. ^5 design (CAD) drawings, construction blueprints, architec- 

ITie speed and pressure at which portions of the stroke are tural drawings, computer-designed graphic images, and the 

drawn is u.sed to emulate the natural .style of the drawing tool like. 
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Eacb user or collaborator in the coUaboralive drawing generated image or graphic file format, such as but not 

session has its own copy of the shared drawing. Each user limited to BMP, DXF, HPGL. DIB, TGA, GIF, TIF, 

can edit the drawing using one or more graphic devices, such PCX, JPG, and the like; and 

as but not limited to, a mouse or other pen pointing device. other procedures and data structures 

A collaborator can edit the shared drawing by adding a new s The inicraclivc drawing procedure 120 can contain the 

drawmg to il, change a part of the existing shared drawing, following: 

orpcrformother edit changes. The alterations to the drawing , , 

by each user are then capmred and transmilted to (he server °°lZ^^t:^ZV^I^■ ^\ ^'k" 

computer. The server computer then broadcasts the alter- "gme procedure 122 is used to generate the curve 

ations to each of the client computer associated with a lO ^^'.'""'^ '° "'P'"'*"' " 

collaborator. Each collaborator receives the alterations and . 

incorporates them in their copy of the shared drawing. ^^^^^ generation procedure 124 that display images onto 

In addition, each collaborator can send text messages to ^""^ ^^P*^ ^"^^ ^ " ^'^^^^ '^^P^^y 
other coUaborators. A dialogue or chat box is provided session transcnpt procedures 126 that record portions of 
which allows real-time text-based messages to be commu- 15 or the entire design activity session into a session 
nicated between one or more collaborators during the shared transcript 136. In addition, the session transcript pro- 
drawing session. In other embodiments of the present cedures 126 enable a user to replay a particular session 
invention, messages including video and audio data can also transcript 136 at a later point in time; 
be transmitted between the collaborators. conferencing procedures 128 that manage the exchange of 

Referring to FIG. 1. a system 100 representing a preferred ^° communications between each collaborator during a 

embodiment of the present invention includes a number of ' ^^^^^n activity session; 

client computers 102 and one or more server computers 104 conversion procedures 130 that convert an incoming 

in communication via a communications link 106. The drawing stored in a particular file format into a fonnat 

communication link 106 generically refers to any type of suitable for use by the interactive drawing procedure 
wire or wireless link between computers, such as but not 

limited to a local area network, a wide area network, or a menu display procedures 132 that manage the drawing 

combination of networks. In a preferred embodiment of the faciUties provided to a user; and 

present invention, the communications link 106 can be a distance mapping procedures 134 that map a time and/or 

network such as the Internet. pressure value into an equivalent measure of distance; 

A client computer 102 includes a central processing unit as well as other procediu-es and data structures. 
(CPU) 108, a user interface 110, a memory 114. and a Referring to FIG. 2, there is shown a server computer 104 
communications interface 112. The client computer 102 can including a central processing unit (CPU) 202, a user 
be any type of computing device, such as but not limited to, interface 204, a memory 208, and a communications inter- 
desktop computers, workstations, laptops, and/or mainframe face 206. The memory 208 of the server computer 104 can 
computers. One or more users (not shown) can be associated contain the following: 

with each client computer 102. The communications inter- network access procedures 210. In an embodiment of the 

face 112 is used to communicate with other cUent computers present invention, the network access procedures 210 

102 as well as other system resources not relevant here. can be used to implement a communications protocol 

The u.ser interface 110 can consist of any type and number 40 ^^^^ suitable for transmitting data through the 

of input/output (I/O) devices, such as but not limited to, a Interact, such as the Transmission Control Protocol and 

video display device, printing devices, a keyboard, a mouse, the Internet Protocol (TCP/IP); 

pen pointing devices, graphic tablets (such as a WACOM an operating system 212; and 

pressure sensitive graphics tablet), and the like. other procedures and data structures. 

The memory 114 of the client computer 102 may be 45 The operating system 212 of the server computer 104 

implemented as RAM (random access memory) or a com- utilizes broadcasting procedures 214 that manage the con- 

binationof RAM and non-volatile memory such as magnetic ferencing activities between the various client computers 

disk storage. The memory 114 of the client computer 102 102 engaged in the collaborative design activity. In an 

can contain the following: embodiment of the present technology, the UNIX operating 

an operating system 116; 50 system is used which supports a multi-user backbone 

network access procedures 118. In an embodiment of the (J^-bone) or network ability that allows multiple cUent 

present invention, the network access procedures 118 computers 102 to connect to a particular server computer 

can be used to implement a communications proloa)l However, il should be noted that the present invention 

that is suitable for transmitting data through the is "ol »»miied to this particular type of operating system or 

Internet, such as the Transmission Control Protocol and " broadcastmg facility. Others can be used so long as they 

the Internet Protocol (TCP/IP); provide the same functionality. 

an interactive drawing procedure 120 that manages the ^J^^,^"^'!]' ^P"''^^"^ '^'T P/^^^^^^^.^^^ ^ 
collaborative design activities between several client 

computers 102- transmit data between the client computers 

. 60 102 engaged in the collaborative design activity. The serv- 

one or more session transcripts 136. Each session tran- er's operating system 212 receives transmissions from one 

script 136 stores a transcription of the events that occur or more client computers 102 and routes them to the 

during a collaborative design activity. A particular intended client compute,^ 102. Initially, a client computer 

session transcript 136 can be replayed at a later point in 102 sends a request to the server computer 104 to connect. 

65 I'he request contains the Internet address of each client 

a drawing repository 138 that stores one or more drawings computer 102 of a collaborator, 'llie server computer 104 

140. A drawing 140 can be stored in any computer- makes the connection and establishes a stream representing 
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a connect ioQ between the client computer 102 with its la some instances, time and pressure data points are 

network port. This stream allows communications to be received along with the position data points. The time data 

transmitted rather rapidly between the server computer 104 points reflect the speed at which the stroke was generated 

and the particular client computer 102. and the pressure data points reflect the pressure used to 
Each collaborator participates in a collaborative drawing 5 generate the stroke. The time and pressure points are used to 

activity by utUizing the video display as a "virtual" white- capture the natural style of the drawing tool used to draw the 

board. The whiteboard can display any and all graphic stroke. The natural style of a drawing tool is manifested by 

images that are part of the ooUaboralive drawmg activity. ^^e varying color hues in the stroke, by the width of the 

HG. 3 Illustrates an exetnplary screen display in accordance ^^^^ ^ ^^^^^^ ^^^^^ ^ 

with an embodiment of the present invention. The mterac- ,^ r » 1 / e * » j u j 1 u 

tive drawing procedure 120 displays the virtual whiteboard f I ''^'^'''^'^ ' darker hue or 

302 along with a menu bar 304. a dialogue box 306. and a ^^""^"^ ^^"^^ ^^^^"'^ '^^^ are drawn slower. In addition, 

text input box 308. 'ITie virtual whiteboard 302 can consLsl °f ^ drawn fast are often thinner 

of one window iUustrating a particular drawing 310. can ^^^^ ^^^^ ^^^"^^ slowly. Likewise, the pressure of a stroke 

include multiple windows (not shown) with each window ^^^^ ^^e color hue. texture, and width characterustics. 

focusing on a particular aspect of the drawing 310. or For example, segments of a stroke that are generated with 

multiple windows (not shown) with each window displaying ^eavy pressure can be reflected with a darker hue, darker 

a different drawing. The dialogue box 306 is used to display texture and with a wider shape. By contrast, a lightly drawn 

text messages that arc transmitted and received during a ^^^0^^ can be reflected with a lighter hue, lighter texture and 

collaborative drawing session. The text input box 308 is ^^'^ ^ thinner shape. 

used by a user to insert text messages that are distributed via The characteristics of each drawing tool varies. As such, 

the server computer 104 to the other collaborators of the the time and pressure data points are used differently to 

collaborative drawing session. reflect the natural style of a particular drawing tool. For 

Each collaborator can utilize a different type of video example, pressure has an effect on the stroke that is gener- 

display device. For this reason, each collaborator's white- alcd by a water color brush but speed may not. The pressure 

board is presumed to be of a standard size and is scaled, if used to draw a stroke with a water color brush will affect the 

necessary, to accommodate the dimensions of a particular width of the stroke but not the hue. By contrast, pressure and 

collaborator's video display device. speed affect the style of a wet paint brush stroke. The more 

Each collaborator can edit the drawing in a variety of pressure that is used to draw the stroke, the thicker and 

ways using different tools 312 to draw different objects. darker the stroke becomes. Similarly, the faster the stroke is 

lines, strokes, shapes, and the like. A menu display proce- drawn, the thicker and darker the stroke becomes, 

dure 132 provides a number of facilities that enable the user The curve generating method of the present technology 

to edit a drawing in an intended manner. FIGS. 4A-4D traces the path of a user's stroke and generates a curve from 

illustrate an exemplary list of such facilities. For instance, it. The curve is represented as a set of curve points and as a 

the user can select a particular drawing tool 312 from a menu set of curve descriptors. The curve points arc used to display 

that includes, but is not limited to, the following tools: a fine the image in accordance with user-defined directives. The 

pen, a wet brush, a watercolor brush, a pencil, a charcoal user-defined directives can specify the curve's resolution 

pen, an etch device, a straight edge, a crayon, a piece of and the curve characteristics relative to a particular drawing 

chalk and/or a rollover. A user can use a particular tool to tool 

draw a stroke or text in its whiteboard. In addition, one or ^^^^ descriptors define the shape of the curve. Three 
more templates of predefined shapes 314 or objects is ^ ^^^ve descriptors are used to represent a curve: a first 

provided for the user. T^e style of each stroke, shape, or text descriptor represents a starting point of the curve; a second 

can be associated with one or more styles 318 and/or descriptor represents the shape of the curve; and a third 

textures 316. The textures 316 can represent various fill descriptor represents an ending point of the curve. The curve 

pattems. In an embodunent of the present invention, the descriptors are transmitted to the collaborators of a coll abo- 

textures 316 can represent materials used m the AEC mdus- *S ^^^.^^ ^^^^^^ ^^.^^ descriptors are transmitted 

try. For instance, a diagonal cross-hatch texture can repre- ^^^^er than the position data poinU in order to minimize the 

sent concrete, a orthogonal cross-hatch texture can represent ^^^^^^ ^f data that is transmitted between the coUaborators. 

ceramic title, and so forth. In this manner, the speed of the transmission is increased and 

I>ie general architecture and processing associated with relatively low bandwidth transmission links can be utilized 
the interactive collaborative design activity has now been ^0 ^^j^out compromising the speed at which drawing updates 

disclosed. Attention presently turns to the curve generating broadcast 

techniques associated with the present technology. * . u i r u . i_ 1 

Ine curve generating method of the present technology 

Curve Generating Method differs from curve fitting techniques. Curve fitting tech- 

In the collaborative drawing session of the present 55 niques "fit" or generate a curve from a set of user-defined 

invention, each user can edit the shared drawing. Typically, control points that describe the shape of the curve. The 

a user edits the drawing by adding or deleting strokes to the control points arc not necessarily part of the curve. By 

shared drawing. A pointing device is used to trace the path contrast, the present technology receives a curve and trans- 

of the user's stroke. The pointing device represents the path l^les it into another curve in accordance with one or more 

as a number of position data points. The position data points 60 user-defined directives (i.e., resolution value and drawing 

are then mapped into curve descriptors which are a concise tool). 

representation of the Bezier curves that form the stroke. In Prior to discussing the details of the curve generating 

addition, the stroke is also represented by a number of curve methods, a brief synopsis of the method is described first 

points that are used by the image generation procedure to followed by a glossary of terms used in this document 
display the stroke. I'he curve descriptors are transmitted to 65 concerning the curve generating method. I'hc curve gener- 

ihe server computer and broadcasted to the other collabo- ating method utilizes Bezier curve methods which are well- 

raiors. known in the art. A more detailed description of the Bezier 
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curve methods can be found in Newman and SprouU, 
Principles of Interactive Computer Graphics, 2d edition, 
McGraw-Hill Book Company, which is hereby incorporated 
by reference as background information. 

The curve generating method maps position data points 
received from a pointing device into a set of curve data 
points that define one or more Bezier curves. The curve 
engine 122 performs this mapping in real time and is 
sensitive to real-time processing constraints. 

A stroke is represented as a series of second degree Bezier 
curves. Each Bezier curve is represented by a mathematical 
function q(u). The function q(u) is defined over a sal of 
evenly-distributed intervals represented by the vector u. 
Each interval is a real number within the range between 
0 to 1 . I^e number of intervals, n, effects the resolution of 
the curve. The number of intervals can be either a user- 
defined value or determined from the curve engine 122. In 
order to process the position data points in real time, the 
curve engine 122 may adjust the number of intervals in order 
to meet the demands of real-time processing. 

Tune and pressure data points can also be received from 
the pointing device. These data points are also transformed 
into a series of second degree Bezier curves in accordance 
with the same mathematical function q(u). The time and 
pressure Bezier curves are used by the image generation 
procedure 124 to generate an intended image of the curve. 

To assist the reader, the following glossary of terms is 
used to describe the curve generating method: 

Position data point: An (x, y) integer pair representing the 
logical location of the device pointer relative to the upper 
left hand corner of the video display device. 

Time data point: An integer value within the range [0, 
65535] that represents a time unit at which a corresponding 
position data point is generated. In an embodiment of the 
present invention, the time unit is expressed in milliseconds 
and represents the time differential from the immediately 
previous point. 

Pressure data point: An integer value within the range 
[0,255] that represents the pressure associated with a cor- 
responding position data point. In an embodiment of the 
present technology, 0 represents no pressure and 255 rep- 
resents the heaviest amount of pressure. 

Curve segment: A second degree Bezier curve, q^Cu), that 
is represented by a vector, u, of location curve points, u^, that 
are defined via the mathematical relation: 
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(1) 



where 
d-2, 

Uj represents a relative location along the curve. The 
values of u are real numbers u„ such that 0^u„il, 
where n controls the resolution of the curve, 

B^,-u^<l-u/ ', and 

Vj(i) are location curve descriptors. Vj(0) represents a 
starling point of the curve segment, V^(2) represents an 
ending point of the curve segment, Vi(l) represents a 
shape descriptor represented in accordance with the 
following mathematical relation: 



(2) 



where u^ is the interval that represents the furthest distance 
from the starting and ending points and can be determined 
via the following mathematical relation: 



'naxo.,„(|jf(hyo-Jfi»>'.l+kj'rJf«^«l} (3) 

where Xo.yo is the starting point of the curve segment, x„,y„ 
is the ending point of the curve segment, and x,.,y,. are all 
other location curve points in the curve segment. 

Stroke: The curve drawn by a user. A stroke is represented 
by a series of curve segments q^^iCu), qij,\i), . . . , qi_„(u). 

Location curve descriptors: Control points that define a 
curve segment and are defined above. 

Time curve: A series of time segments representing a time 
dimension associated with the user drawn stroke. 

Time segment: A second degree Bezier curve, qJ(u)^ lhat 
is represented by a vector, u, of time curve points, Uy, that are 
defined via the mathematical relation: 



(4) 



where 
d.2, 

Uy represents a relative location along the curve. The 
values of u are real numbers u„ such that 0^u„^ 1, where n 
controls the resolution of the curve, 

B^ -u'/l-uy)''-, and 

V2(i) are time curve descriptors. V2(0) represents a start- 
ing time point, V2(2) represents an ending time point, 
V2(l) represents a shape descriptor represented in 
accordance with the following mathematical relation: 



V2(l) = 



(5) 



where u^^ is the interval that represents the furthest distance 
from the starting and ending points and can be determined 
via the following mathematical relation: 

inaxo<.*«{ kmyo-w.l+k»yr jf«»y«l} (6) 
where Xo,yo is the starting time point, x„,y„ is the ending 
time point, and x„yy arc all other time curve points in the 
curve segment. 

Pressure curve: A series of pressure segments representing 
a pressure dimension associated with the user drawn stroke. 

Pressure segment: A second degree Bezier curve, q3(u), 
that is represented by a vector, u, of pressure curve points, 
Uy, that are defined via the mathematical relation: 



60 



(7) 



where 
d-2, 

65 Uy represents a relative location along the curve, 'llie 
values of u are real numbers u„ such that 0^u„il, 
where n controls the resolution of the curve. 



04/20/2004. EAST version: 1 4 1 



5,9 

9 

-u'/l-u,/'\ and 
V3(i) are pressure curve descriptors. V3(0) reprcseois a 
starting pressure curve point, V3(2) represents an end- 
ing pressure curve point, V3(l) represents a shape 
descriptor represented in accordance with the following 
mathematical relation: 

„ , ^yittk) - V3(0)52.o(tf*) - V3(2)B2j(«i) (8) 
^^"'^ B^^ii^) 

where u^^ is the interval that represents the furthest distance 
from the starting and ending points and can be determined 
via the following mathematical relation: 

where Xo.yo is the starting pressure curve point, x„.y„ is the 
ending pressure curve point, and x„y, are all other pressure 
curve points in the curve segment. 

FIG. 5 illustrates the steps used in the curve generating 
method of an embodiment of the present invention. During 
a collaborative drawing session, a collaborator can draw a 
stroke utilizing a pointing device. The pointing device 
represents the locations pointed to by the user as a set of 
position data points. The position data points are integer 
value pairs (x,y) that represent the logical location of the 
device pointer relative to the upper left hand comer of the 
video device. The curve generation procedure 122 receives 
the position data points in real-time and simultaneously 
generates curve points and curve descriptors (step 502). The 
details of the generation of the curve points and curve 
descriptors will be discussed below. 

The curve points are then used by the image generation 
procedure 124 to display the curve on the user's video 
display device or other 1/0 device (step 504). The curve 
descriptors are formatted and transmitted to the server 
computer 104 for broadcast to other collaborators (step 506). 
The server computer 104 receives this data and broadcasts it 
to the intended collaborators (step 508). A collaborator 
receives the transmission, generates the appropriate curve 
points that correspond to the curve descriptors, and displays 
the new image (step 510). 

FIGS. 6A-6E illustrate the curve generating method. The 
user's stroke is represented by a series of position data points 
that are represented as x,y integer pairs. The position data 
points are partitioned into curve segments and a Bezier 
curve is defined for each curve segment. The Bezier curve 
consists of a number of curve points which are used to 
display the resulting image. TUt number of curve points is 
a function of the curve's resolution. Coarsely drawn curves 
are represented by a smaller number of curve points than 
smoothly drawn curves. 

Referring to FIG, 6 A, each integer pair (x.y) is received 
in real time by the curve engine 122. The first point (Xo,yo) 
is denoted as the starting curve point of the first curve 
segment. The starting point is also the first curve descriptor 
V(0). Each subsequent point is analyzed to determine 
whether it is part of the first curve segment. Referring to 
FIGS. 6B-6C, this is doe by determining the angle, 6, 
between the starling point, (Xo,yo). and the previous data 
point (Xj.yi) and the starting point, (Xo,yo), and the current 
data point (X2.y;). If the angle 0 exceeds a predetermined 
thre.shold, the previous data point (Xi,y ,) Ls made the ending 
point V(2) of one cur\'e segment and the starting point V(0) 
of a new curve segment. The ending point V(2) is also a 
curve descriptor. In addition, a new curve segment is formed 
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when the direction of the angle 9 is opposite of the direction 
of the previously-calculated angle. 

A third curve descriptor V(l) is generated to represent the 
shape or peak of the curve segment in accordance with 
5 equation (2) above. FIG. 6C illustrates the various curve 
segments formed from a user's stroke and their respective 
curve descriptors. The curve descriptors for each curve 
segment of a user's stroke is transmitted to the collaborators 
engaged in the drawing activity. 

10 A Bezier curve is formulated for each defined curve 
segment. The Bezier curve is represented as a series of curve 
points. A curve segment is displayed as a series of lines that 
connect the curve points as shown in FIG. 6D. Thus, the 
number of curve points determines the resolution of the 

15 curve. The curve points are transmitted to the image gen- 
eration procedure 124 which displays the resulting curve as 
illustrated in FIG. 6E. 

In addition, lime and pressure data points can be received 
from the pointing device along with the position data points. 

20 A time data point can be an integer pair representing a time 
value and an index. The time value can be within the range 
[0, 65535] and is expressed in milliseconds. The index 
represents the order of a time data point relative to other time 
data points. The time data points are mapped into a set of 

25 time curve points and time curve descriptors. The time curve 
points are used along with the location data points to display 
the image in accordance with the natural style of a particular 
drawing tool. The time curve descriptors are transmitted to 
other collaborators along with the location curve descriptors 

30 and/or pressure curve descriptors in order to display the 
curve in the collaborator's whiteboard. 

Similarly, a pressure data point can be an integer pair 
representing a pressure value and an index. The pressure 
data point value can be within the range [0, 255]. The index 

35 represents the order of a pressure point relative to other 
pressure points. The pressure data point is mapped into a set 
of pressure curve points and pressure curve descriptors. The 
pressure curve points are used along with the location curve 
points and/or time curve points to display the image in 

40 accordance with the natural style of a particular drawing 
tool. The pressure curve descriptors are transmitted to other 
collaborators along with the location and/or time curve 
descriptors in order to display the curve in the collaborator's 
whiteboard. 

45 FIG. 7 illustrates the steps used in generating a curve in 
an embodiment of the present technology. It should be noted 
that a user's stroke can include lines as well as curves and 
that the curve generation engine 122 can accommodate lines 
as well as curves. The following discussion focuses on 

50 curves and can be easily modified by one skilled in the art 
to accommodate lines. 

Further, the following discussion pertains to an embodi- 
ment where the pointing device retrieves location, time, and 
pressure data points from a user's stroke. In alternate 

55 embodiments, the pointing device would retrieve any com- 
bination of location data points and either time or pressure 
data points. One skilled in the art would be able to easily 
modify the discussed methodology to accommodate these 
alternate embodiments. In yet another embodiment, the time 

60 data points need not be extracted from the pointing device. 
The time data points can be calculated by the curve genera- 
tion engine 122 using the location data points. This can be 
performed by calculating the distance between two succes- 
sive location data points and mapping the distance into an 

65 appropriate lime unit. In addition, other methodologies can 
be used to calculate time data points from the location data 
points. 



04/20/2004. EAST Version: 1.4.1 



5,940,082 

11 12 

Referring to FIG. 7, the curve engine 122 receives in real Otherwise (step 532-N), the appropriate curve descriptors 
time a number of data points (step 520) represented as and curve points are calculated (step 536). The V^(l), V2(l), 
follows: ^3(0 curve descriptors are calculated as described in equa- 
ls: location data point represented as (x.y). »ioDs (2). (5). and (8) and the curve points qj(u), q2(u). and 
t,: lime data point represented as (z,. where is an ^ are calculated as well as described in equations (1). (4). 
integer value within the range [0,65535] and a lime unit , ^ 

expressed in milliseconds and where 2. represents the Steps 520-536 are repeated until no more data points are 

index of the time data point relative to other time data ^^^^^^^^^ ^^^^ ^^eine procedure 122 from the point- 

PqIj^j^ ing device. This typically signifies the fact thai the user has 
. . , X , .10 completed the stroke by removing the pointing device from 

p,: pressure data pomt represented as (p, p^ the visual display device. 

an mteger value withm the range [0, 2551 and where p, n r • . r^r- e .1. t .* r l 

, ,u ■ i r.u I < • . 1 .■ Referrmg to FIG. 5. upon the completion of the above 

represents the mdex of the pressure dale point relative . ' / j ^ , - 

to other pressure data points. mentioned curve generating method the curve descnptors 

^ ^ are transmitted to the server computer for broadcast to the 

V,/0), V,/l). V, X2): curve descriptors for curve seg- 15 other collaborators (step 506). The transmission can be 

^^^^ J- formatted to include the following: drawing tool indicator, 

^2,(0). V2/I), V2,<2): curve descriptors for time curve location curve descriptors, time curve descriptors, and pres- 

segmcnt j. sure curve descriptors. The drawing tool indicator specifies 

^3/(0), V3^(l), V3^<2): curve descriptors for pressure curve the particular drawing tool used to make the stroke, 

segment j. 20 When a collaborator receives the curve descriptors, the 

The curve engine procedure 122 determines if the received curve engine 122 transforms the curve descriptors into a 

data points are the first set of data points (step 522). In this respective set of curve points in accordance with equations 

case (step 522- Y), the start and end curve descriptors V(0) (1), (4), and (7). The curve points are then transmitted to the 

and V(2) for each data point type is initialized as follows image generation procedure 124 which displays the curve in 

(step 524): 25 the collaborator's whiteboard. 



ViX0)-Vi/2)-V V^C0)-V^2K; V,j(Q)^V,^2)^p, (10) 



Image Generating Method 



Referring to FIG. 8, the image generation procedure 124 
If the received data points are the second set of data points can receive three sets of curve points: a set of location curve 
(step 526), the end curve descriptors are set to the respective points q, ,(u) . . . q , „(u); a set of time curve points q^ ,(u) . . . 
second data point as follows (step 528): q2^(u); and a set of pressure curve points q3 ^u) . . q3^(u) 

which it uses to display the associated image 556. The image 
1/ f-y^i w 1/ /i\ generation procedure 124 can utilize a scale procedure 550 

35 to map the location curve points qi^i(u) . . . qi^(u) mto 
For each subsequent set of data points, the direction of the suitable coordinates for the particular collaborator's visual 
curve and its growth is determined relative to the starting display device. In addition, each drawing tool has associated 
point or first curve descriptor (step 530). This is performed with it one or more scale tables 552, 554 that are used to map 
by determining the angle between two secant lines repre- the time curve points q2,i(u) • . • ^2^^) pressure curve 
senting the previous location data point and the current ^ points q3,i(u) . . . q3^(u) into suitable color and dimension 
location data point (see FIG. 6B). This can be determined attributes associated with the video display device, 
mathematically as follows: Th^ general curve and image generating methods associ- 

ated with the collaborative design activity have now been 

O-aro.,, «lv.->.„l-ly.-yd)-(l..-xd-k-^D) (12) P'*=^°' technology provides two additional 

45 capabilities that will now be discussed. Specifically the 

In addition the direction of the angle 9 is determined and capability for erasing a displayed curve and the capability of 

compared with the direction of the immediately preceding automatically generating parallel lines from a single user's 

calculated angle. The direction of the angle 9 is expressed as stroke, 
being cither a clockwise direction or as a counter clockwise 

direction. 50 Erasure 

The computed angle 6 and its direction is used to deter- 
mine if the received location data point is past a critical point during a collaborative drawing session, a user can erase 
defining the current curve segment (step 532). This is ^ny hncs or curves in the shared drawing. For illustration 
determined by testing the computed angle 6 against a purposes, the situation where a user specifies two points 
user-defined threshold. In an embodiment of the present 55 indicating where a curve is to be erased will be described, 
technology this threshold is between the range (jt/4, a/10). However, it should be noted that the present technology can 
If the direction of the angle Ls opposite to the previou.sly erase a line or curve in any number of locations, 
calculated angle, this will indicate that the received location Referring to FIGS. 9-10, a user indicates with the point- 
data point is outside the realm of the current curve segment. ing device two points 560, 562 on the curve that define an 
If it is determined that the received data points define a 60 area of the curve that is to be erased. These points 560, 562 
new curve segment (step 532- Y), the curve descriptors V(0) are received by the curve generating procedure 122 (step 
and V(2) are initialized to the respective data points as 570). The curve generating procedure 122 determines the 
follows (step 534): effected curve segments and their associated curve descrip- 
tors (step 572). For the curve segment corresponding to the 
65 first erasure data point (step 574- Y), the curve segment 'send 
K.- j.y.it-)-/',- p^^Ij^j adjusted to be firel erasure data point. Likewise, for 
^iy»iCOH,-i; y2j.i{^}'h-v ^3j*i(U)-p,-,- (13) the curve segment corresponding to the second erasure data 
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point (step 574-N), the curve segraeai's startiDg point is 
adjusted to be the second erasure data point (step 578). The 
appropriate curve data points qi(u). q^Cu), q3(u) representing 
the affected curve segments are recalculated as well as the 
V(l) curve descriptors in accordance with the aforemen- 
tioned equations (step 580) (see FIG. 9B). Also, any curve 
segments located entirely between the deletion points 560, 
562 are deleted (step 580). 

The curve data points are then transmitted to the image 
generation procedure 124 to display the new image (see FIG. 
9C). The curve descriptors for both of the newly generated 
curves are transmitted to the server computer 104 for 
broadcast to each collaborator. 

Parallel Curves 

Another facility of the present technology is the capability 
to automatically generate parallel lines or curves from a 
user's stroke. For illustration purposes, the following dis- 
cussion will focus on the generation of two parallel curves. 
However, one skilled in the art can easily modify the 
described technique to generate parallel lines and multiple 
parallel lines and curves. 

A user traces the path of a cuirve with a pointing device. 
The curve is represented as a series of position data points. 
Each of the two parallel curves will be generated at an equal 
distance above and below the user's stroke. Time and/or 25 
pressure data points associated with the drawn curve are 
used to determine the distance between the parallel curves 
(see FIG. IIA). In an aUernate embodiment, the time data 
points need not be received from the pointing device. The 
time data points can be inferentially calculated by measuring 
the distance between two position data points as previously 
described above. In addition, the time and/or pressure data 
points can also be used to affect the width, texture, and color 
hue of each of the parallel curves as previously described 
above. 

Referring to FIG. 12, a set of position data points (x,.,y,-) 
and time and/or pressure data points arc received from an 
I/O device 582. The time and/or pressure data points are 
mapped via a distance mapping procedure 134 into an 
appropriate distance measure d-. The distance is divided in 
half The distance and the position data points are 

transmitted simultaneously to two curve engines 122. 'llie 
first curve engine \22a generates the curve points and curve 
descriptors for the top parallel curve and the second curve 
engine 1226 generates the curve points and curve descriptors 
for the bottom parallel curve. The curve points for both 
curves are then transmitted to the image generation proce- 
dure 124 which displays the parallel curves 584, 586 as 
shown in FIG. 12D. The curve descriptors are transmitted to 
the server computer 104 for broadcast to the other collabo- 
rators. 

In an alternate embodiment, a user's stroke can be 
mapped into an image including two parallel curves where 
the area between the parallel curves includes a user-defined 
texture as shown in FIG. 11 C. The above mentioned steps 
for generating parallel curves is used to generate two parallel 
curves. Next, a user-defined texture is drawn in the area 
between the curves. This texture can also be affected by the 
time and pressure data points associated with the user drawn 
stroke. Curve descriptors are computed for this set of 
parallel curves and are transmitted along with the texture 
data to the server computer 104 for broadcast to the other 
collaborators. 

Alternate Embodiments 
While the present invention has been described with 
reference to a few speciHc embodiments, the description is 



illustrative of the invention and is not to be construed as 
limiting the invention. Various modifications may occur to 
those skilled in the art without departing from the t me spirit 
and scope of the invention as defined by the appended 
5 claims. 

The present invention is not limited to the computer 
system described in reference to FIG. 1. It may be practiced 
without the specific details and may be implemented in 
various configurations, or makes or models of distributed 
10 computing systems, tightly-coupled processors or in various 
configurations of loosely-coupled microprocessor systems. 

Further, the method and system described hereinabove is 
amenable for execution on various types of executable 
mediums other than a memory device such as a random 
access memory. Other types of executable mediums can be 
used, such as but not limited to, a computer readable storage 
medium which can be any memory device, compact disc, or 
floppy disk. 

The present technology has been described with reference 
to curves and lines. However, the present technology is 
amenable to any two-dimensional graphic image. 
Furthermore, one skilled in the art can modify the above 
discussed technology to accommodate any n-dimensional 
graphic image. 

What is claimed is: 

1. A method for generating a drawing in a distributed 
computing system including at least two client computers 
and at least one server computer, the method comprising the 
steps of: 

(a) providing one or more drawing tools for use by users 
associated with the client computers to draw a curve, 
each drawing tool having one or more style attributes 
associated therewith; 

(b) at a first one of the client computers, receiving a 
plurality of location data points representing a path of 
a curve drawn with one of the drawing tools; 

(c) at the first client computer, mapping the location data 
points into a plurality of location curve data points, the 
location curve data points used to display the curve in 
accordance with a specified image resolution; 

(d) utilizing the location curve data points to display the 
curve in accordance with the drawing tool used to draw 
the curve; 

(e) at the first client computer, generating one or more sets 
of location curve descriptors, the location curve 
descriptors representing a compact representation of 
the location curve data points; and 

(f) transmitting the location curve descriptors from the 
first client computer to the server computer for retrans- 
mission to at least a second one of the client computers; 

(g) at the second client computer, converting the location 
curve descriptors into a plurality of location curve data 
points, the location curve data points used to display the 
curve in accordance with a specified resolution and in 
accordance with a specified drawing tool; 

wherein each step performed at the first client computer is 
also performed at the second client computer and each 
step performed at the second client computer is also 
performed at the first client computer so as to enable the 
users at the first and second client computers to coop- 
eratively generate the drawing. 

2. A method for generating a curve in a distributed 
computing system including al least one client computer and 
at least one server computer, the method comprising the 
.steps of: 
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(a) providing one or more drawing tools for use by users 
associated with the client computers to draw a curve, 
each drawing tool having one or more style attributes 
associated therewith; 

(b) receiving a plurality of location data points represent- 
ing a path of a curve drawn with one of the drawing 
tools; 

(c) mapping the location data points into a plurality of 
location curve data points, the location curve data 
points used to display the curve in accordance with a 
specified image resolution; and 

(d) utilizing the location curve data points to display the 
curve in accordance with the style attributes of the 
drawing tool used to draw the curve; 

step (b) further including: 

receiving a plurality of temporal data points represent- 
ing a speed at which portions of the curve was 
drawn; 

step (c) further including: 
mapping the temporal data points into a plurality of 
temporal curve points, each of the temporal curve 
points associated with a corresponding curve data 
point; and 
step (d) further including: 

utilizing the temporal data points to display the curve in 
accordance with the drawing tool used to draw the 
curve. 

3. The method of claim 2, wherein the temporal data 
points are calculated from a distance between consecutive 
location data points. 

4. A method for generating a curve in a distributed 
computing system including at least one client computer and 
at least one server computer, the method comprising the 
steps of: 

(a) providing one or more drawing tools for use by users 
associated with the client computers to draw a curve, 
each drawing tool having one or more style attributes 
associated therewith; 

(b) receiving a plurality of location data points represent- 
ing a path of a curve drawn with one of the drawing 
tools; 

(c) mapping the location data points into a plurality of 
location curve data points, the location curve data 
points used to display the curve in accordance with a 
specified image resolution; and 

(d) utilizing the location curve data points to display the 
curve in accordance with the drawing tool used to draw 
the curve; 

step (b) further including: 

receiving a plurality of pressure data points represent- 
ing a pressure at which portions of the curve was 
drawn; 
step (c) further including: 

mapping the pressure data points into a plurality of 
pressure curve points, each pressure curve point 
associated with a corresponding curve data point; 
and 

step (d) further including: 

utilizing the pressure data points to display the curve in 
accordance with the drawing tool used to draw the 
curve. 

5. The method of claim 1, 

the style attributes including width attributes and color 
attributes. 
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6. The method of claim 2, 

generating one or more sets of temporal curve descriptors, 
the temporal curve descriptors representing a compact 
representation of the temporal curve data points; and 

transmitting the temporal curve descriptors to the server 
computer for broadcast to one or more of the client 
computers. 

7. The method of claim 6, 

for each of the receiving client computers, converting the 
temporal curve descriptors into a plurality of temporal 
curve data points, the temporal curve data points used 
to display the curve in accordance with a specified 
resolution and in accordance with a specified drawing 
tool. 

8. The method of claim 4, 

generating one or more sets of pressure curve descriptors, 
the pressure curve descriptors representing a compact 
representation of the pressure curve data points; and 

transmitting the pressure curve descriptors to the server 
computer for broadcast to one or more of the client 
computers. 

9. The method of claim 8, 

for each of the receiving client computers, converting the 
pressure curve descriptors into a plurality of pressure 
curve data points, the pressure curve data points used to 
display the curve in accordance with a specified reso- 
lution and in accordance with a specified drawing tool. 

10. An interactive drawing apparams, comprising: 

one or more client computers, each said client computer 
including: 

a memory for storing a graphical drawing; 
an input mechanism for receiving one or more hand- 
drawn shapes applied to said graphical drawing; 
at least one curve engine for partitioning each said 
hand-drawn shape into a plurality of adjacent curves, 
each said adjacent curve having at least one 
boundary, each said boundary determined based on 
changes in direction of said hand-drawn shape meet- 
ing predefined threshold criteria, said curve engine 
representing each said adjacent curve as a set of 
control points defining said curve; and 
at least one server computer, coupled by one or more 
communication links to the client computers, the at 
least one server computer including a communication 
mechanism for receiving said control points and trans- 
mitting said control points to one or more of said client 
computers. 

11. The apparatus of claim 10, 

said curve engine generating a set of location curve points 
associated with said control points, said set of location 
curve points used to display said hand-drawn shape in 
accordance with a predetermined criteria; 

each said client computer including: 

an output device for displaying said graphical drawing; 
and 

an image generation procedure that receives said loca- 
tion curve points and displays said associated hand- 
drawn shape in accordance with said location curve 
points as part of said graphical drawing on said 
output device. 

12. The apparatus of claim 10, 
each said client computer including: 

a conferencing procedure for managing an exchange of 
communications between one or more of said client 
computers. 
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13. The apparatus of claim 10, 
each said client computer including: 

a conversion procedure that imports a received drawing 
associated with a first format into said drawing 
associated with a second format. ^ 

14. The apparatus of claim 10, 
each said client computer including: 

a session transcript procedure that records alterations 
made to said drawing by each of said client com- 
puters. 

15. A computer program product for use in conjunction 
with a computer system, the computer program product 
comprising a computer readable storage medium and a 
computer program mechanism embedded therein, the com- 15 
puler program mechanism comprising: 

a graphical drawing; 

an input mechanism for receiving one or more hand- 
drawn shapes applied to said graphical drawing; 

at least one curve engine for partitioning each said hand- 
drawn shape into a plurality of adjacent curves, each 
said adjacent curve having at least one boundary, each 
said boundary determined based on changes in direc- 
tion of said hand-drawn shape meeting predefined 25 
threshold criteria, said curve engine representing each 
saiH adjacent curve as a set of control points defining 
said curve; and 

a broadcast mechanism for transmitting said control 
points to one or more of said client computers. 

16. The computer program product of claim 15, 

said curve engine generating a set of location curve points 
associated with said control points, said set of location 
ciuve points used to display said hand-drawn shape in 
accordance with a predetermined criteria; 

an output device for displaying said graphical drawing; 
and 

an image generation procedure that applies said location 
curve poinLs to said graphical drawing on said output 40 
device. 

17. The computer program product of claim 15, 

a conferencing procedure for managing an exchange of 
communications between one or more of said client 
computers. 45 

18. The computer program product of claim 15, 

a conversion procedure that converts a received drawing 
associated with a first format into a second format 
associated with said graphical drawing. 

19. The computer program product of claim 15, 50 
a session transcript procedure that records alterations 

made to said graphical drawing by each of said client 
computers. 

20. A computer-implemented method for generating and 
displaying a curved image, said method comprising the steps 

of: 

(a) receiving a hand-drawn shape of a curved image; 

(b) obtaining a distance measurement d from said hand- 
drawn shape; 60 

(c) providing a set of parallel curved images, each of said 
parallel curved images represented as a plurality of 
adjacent curves, each said adjacent curve having at 
least one boundary, each said boundary determined 
based on changes in direction of said hand-drawn shape 65 
meeting a predefined threshold, a first one of said 
parallel curved images located at a di.stance d/2 above 
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said shape and a second one of said parallel curved 
images located at a distance d/2 below said shape; and 
(d) displaying each of said parallel curved images. 

21. The method of claim 20, 

wherein said hand-drawn shape is received as a plurality 

of position data points; 
said step (b) further comprising the steps of: 

(i) obtaining a plurality of temporal data points, each 
said temporal data point associated with a respective 
one of said position data points; and 

(ii) mapping each of said temporal data points into a 
corresponding distance data point, said distance data 
point including a specified location for positioning 
an associated position data point; 

said step (c) further comprising the step of: 

(i) utilizing said position data points and said distance 
data points to generate said set of parallel curved 
images. 

22. The method of claim 21, 

said step (b)(i) further comprising the step of: 

computing a temporal data point for each of said 
position data points, each said temporal data point 
representing a distance between a current position 
data point and an immediately preceding position 
data point. 

23. The method of claim 20, 

wherein said hand-drawn shape is received as a plurality 

of position data points; 
said step (b) further comprising the steps of: 

(i) receiving a plurality of pressure data points, each 
said pressure data point associated with a respective 
one of said position data points; and 

(ii) mapping each of said pressure data points into a 
corresponding distance data point, said distance data 
point including a specified location for positioning 
an associated position data point; and 

said step (c) further comprising the step of: 

(i) utihzing said position data points and said distance 
data points to generate said set of parallel curved 
images. 

24. An apparatus for creating a drawing, comprising: 
one or more drawing tools for use by users of a client 

computer to draw a curve, each drawing tool having 
one or more style attributes associated therewith; 

an input device for receiving a plurality of location data 
points representing a path of a curve drawn with one of 
the drawing tools; 

a curve engine, coupled to the input device, for mapping 
the location data points into a plurality of location 
curve data points, the location curve data points used to 
display the curve in accordance with a specified image 
resolution; 

a display device for displaying said freehand sketched 
input in accordance with the style attributes; 

an image generation mechanism, coupled to the curve 
engine and display device, for mapping the location 
data points into an image of a curve in accordance with 
the drawing tool used to draw the curve; 

the curve engine generating one or more sets of location 
curve descriptors, the location curve descriptors repre- 
senting a compact representation of the location curve 
data points; and 

a communication device for transmitting the location 
curve descriptors from the client computer to a server 
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compuler for retransmission to at least a second client 
computer, and for receiving location curve descriptors 
from the second client computer via the server com- 
puter; 

the image generation mechanism including a mechanism 5 
for converting the location curve descriptors received 
via communication device into a plurality of location 
curve data points, and using the location curve data 
points to display the curve in accordance with a speci- 
fied resolution and in accordance with a specified one 
of the drawing tools. 

25. An apparatus for creating a drawing, comprising: 

one or more drawing tools for use by users of a client 
computer lo draw a curve, each drawing tool having 
one or more style attributes associated therewith; 

an input device for receiving a freehand sketched input, 
the freehand sketched input including a plurality of 
location data points representing a path of a curve 
drawn with one of the drawing tools; 

a curve engine, coupled to the input device, for mapping 
the location data points into a plurality of location 
curve data points, the location curve data points used to 
display the curve in accordance with a specified image 
resolution; 25 

a display device for displaying said freehand sketched 
input in accordance with the style attributes; 

an image generation mechanism, coupled to the curve 
engine and display device, for mapping the location 
data points into an image of a curve in accordance with 
the drawing tool used to draw the curve; 

the curve engine generating one or more sets of location 
curve descriptors, the location curve descriptors repre- 
senting a compact representation of the location curve 
data points; 

wherein 

the received freehand sketched input includes a plurality 
of temporal data points representing a speed at which 
portions of the curve was drawn; 40 

the curve engine maps the temporal data points into a 
plurality of temporal curve points, each of the temporal 
curve points associated with a corresponding first loca- 
tion curve data point; and 
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the image generating mechanism utilizes the temporal 
data points to display the curve in accordance with the 
drawing tool used to draw the curve. 

26. The apparatus of claim 25, wherein the temporal data 
points arc calculated from a distance between consecutive 
location data points. 

27. An apparatus for creating a drawing, comprising: 
one or more drawing tools for use by users of a client 

computer to draw a curve, each drawing tool having 
one or more style attributes associated therewith; 
an input device for receiving a freehand sketched input, 
the freehand sketched input including a plurality of 
location data points representing a path of a curve 
drawn with one of the drawing tools; 
a curve engine, coupled to the input device, for mapping 
the location data points into a plurality of location 
curve data points, the location curve data points used to 
display the curve in accordance with a specified image 
resolution; 

a display device for displaying said freehand sketched 

input in accordance with the style attributes; 
an image generation mechanism, coupled to the curve 
engine and display device, for mapping the location 
data points into an image of a curve in accordance with 
the drawing tool used to draw the curve; 
the curve engine generating one or more sets of location 
curve descriptors, the location curve descriptors repre- 
senting a compact representation of the location curve 
data points; 
wherein 

the received freehand sketched input includes a plurality 
of pressure data points representing a pressure at which 
portions of the curve was drawn; 
the curve engine maps the pressure data points into a 
plurality of pressm^e curve points, each pressure curve 
point associated with a corresponding curve data point; 
and 

the image generating mechanism utilizes the pressure data 
points to display the curve in accordance with the 
drawing tool used to draw the curve. 

« ♦ * * * 
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